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1. 
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3 .  

Page 1: Paragraph 3 ,  l i n e  3, the statement "however, t h e  configura- 
t i o n  did have a l i m i t  o sc i l l a t ion  of about f2Oo a t  t h e  subsonic Mach 
numbers tes ted"  should be deleted. 

Page$. Paragraph 5 should read: "The dynamic t e s t s  indicated the  
configuration t o  be s t ab le  i n  the heat-shield forward pos i t ion  through- 
out  the  Mch nuTdber range tes ted.  A t  t he  subsonic Mach numbers tes ted ,  
t h e  configuration indicated a l i m i t  cycle, but it i s  believed t h a t  
t h i s  condition w a s  induced by the yoke and t ransverse rod support sys- 
t e m  used for t he  dynamic s t a b i l i t y  t e s t s .  The configuration would not 
diverge when released from t h e  heat sh ie ld  forward posi t ion."  

ca: 

Page 7: Conclusion 3 should read: "The configuration i s  dynamically 
stable i n  t h e  heat  sh ie ld  forward pos i t ion  f o r  a l l  Mch numbers tes ted."  
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STATIC AND DYNAMIC STABILITY CHARACTERISTICS O F  THE 

AF'OLLO LEV CANARD-POST ABORT CONFIGURATION 

SUMMARY 

A preliminary inves t iga t ion  a t  Mach numbers from 0.5 t o  7.3 has 
been conducted i n  t h e  Ames Unitary wind tunnels and t h e  J e t  Propulsion 
Laboratory 20-inch and 21-inch tunnels on t h e  Apollo LEV Canard-Post 
Abort configuration t o  determine t h e  s t a t i c  s t a b i l i t y  c h a r a c t e r i s t i c s  
of t he  configuration. 
numbers from 0.16 t o  4.5 has been conducted i n  t h e  Jet Propulsion Labo- 
r a to ry  20-inch tunnel and t h e  Langley 20-foot free-spinning tunnel. 

Also, a dynamic s t a b i l i t y  inves t iga t ion  a t  Mach 

The pitching-moment data indicate that  f o r  t h e  data reduction ten- 
t e r  of g rav i ty  used the canard surfaces e l imina te  the  apex forward t r i m  
po in t  f o r  a l l  Mach numbers up t o  about 5.2. 
t r i m  po in t  i s  very dependent on center-of-gravity location. 
number of  5.2 t h e  configuration has a s t a t i c  t r i m  po in t  a t  an  angle-of- 
a t t a c k  of  about 12'. It is believed t h e  presence of t h i s  trim poin t  i s  
due t o  a severe shock in te rac t ion  phenomenon ac t ing  on t h e  command modul 

It should be noted t h a t  t h e  
A t  a Mach 

Data from t h e  dynamic s t a b i l i t y  tests ind ica tes  t h e  configuration 
t o  be stable i n  t h e  heat s h i e l d  forward positi.on f o r  a l l  t h e  k c h  numbers 
t e s t ed ;  hewe+cr 9 $$ 2 :L,~:$ x z i : l , t i ~ L  sf c - h  

. .  
t * n o  ^ A  L 

INTRODUCTION 

The i n i t i a l  Apollo launch escape vehic le  configuration and t h e  
Apollo command module alone configuration have been t e s t e d  a t  severa l  
f a c i l i t i e s ;  t h e  Ames Research Center, Arnold Engineering and Development 
Center, J e t  Propulsion hbora to ry ,  North American Aviation, and t h e  
Langley Research Center. 
t h e  aerodynamic cha rac t e r i s t i c s  of t h e  Apollo configurations f o r  use i n  
s tud ie s  of t h e  Apollo missions, The r e s u l t s  of t hese  ind ica t e  t h e  com- 
mand module alone configuration t o  have a secondary trim poin t  (apex 
forward). This secondary trim point ex is t s  throughout t h e  Mach numbers 
range t e s t ed .  Analysis of t r a j e c t o r y  s tud ie s  ind ica tes  t h i s  secondary 
t r i m  po in t  t o  be a ser ious  problem i n  t h e  event of an aborted f l i g h t .  
The major problem i n  the  event of  an abor t  w i th  t h i s  secondary t r i m  po in t  
i s  due t o  t h e  excess dynamic pressure build-up and t h e  assoc ia ted  high 
acce lera t ions  encountered on high a l t i t u d e  abor t .  
be j e t t i soned ;  f o r  t h e  deployment of t h e  recovery system, due t o  t h e  

The purpose of those  tests was t o  determine 

The apex cover cannot 
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excessive dynamic pressure.  Therefore, t h e  prime cont rac tor  w a s  re- 
quested t o  study modifications designed t o  e l imina te  t h i s  secondary 
t r i m  point. 

A t  about t h i s  same poin t  i n  t h e  program, personnel of t h e  Aero- 
dynamics Branch, Manned Spacecraft Center, Houston, Texas, proposed a 
configilretion ~..ritk ~ e p l o y z b ~ e  caiiai-d surfaces mounted at,/nr ~lear  +he 
apex or  the  rocket motor nose. These canard surfaces would be i ~ i i  in- 
t e g r a l  par t  of t h e  rocket motor nose sec t ion  and would be deployed only 
i n  t h e  event of a n  abort .  The Manned Spacecraft Center w a s  given t h e  
respons ib i l i ty  of developing t h e  post-abort  canard configuration. An 
ana ly t i ca l  study indicated t h a t  canard surfaces of f i v e  square f e e t  
(per canard) would be s u f f i c i e n t  t o  f u l f i l l  t h e  required mission. 

I n  the event of an abor t  t h e  h u n c h  escape rocket would fire at 
time zero and propel t h e  launch escape vehicle away from t h e  boocter. 
A t  t I 8 seconds, t h e  launch escape rocket burns out. A t  t = 11 sec- 
onds, t h e  canard surfaces would be deployed u t i l i z i n g  a pyrotechnic 

ac tua tor ,  

ipated. A t  a l t i t u d e s  below 25,000 f e e t ,  t h e  tower-rocket apex ct-lver 
combination i s  j e t t i soned  a t  t = 14 seconds. 
deployed for normal recovery using t h e  clustered-parachute s y  cl,c;.nr a t  
t = 16 seconds. 
t h e  launch escape system (tower-rocket combination) i s  rctnincd u n t i l  
an a l t i t u d e  of 25,000 f e e t  i s  reached, a t  which t i m e  t h e  towe-r-vocket- 
apex cover combination is  j e t t i soned  and t h e  normal recovery seqience 
i n i t i a t e d .  Above 120,000 f e e t ,  t h e  launch escape system (towel*-rocket 
combination) i s  manually j e t t i soned  by t h e  p i l o t  a t  approximately 10 t o  
15 seconds a f t e r  abort  i n i t i a t i o n  and t h e  C/M rate damping mode i n i t i a t e d .  
The p i l o t  manually o r i e n t s  the vehicle t o  a heat shield forward pos i t i on  
and the  normal entry'recovery sequence is  then i n i t i a t e d  when t h e  space- 
c r a f t  reaches 25,000 f e e t .  

1 A canard deployment t i m e  of approximately F-second ir; m t i c -  

The drogue parachitie i s  

For a l t i t u d e s  above 25,000 feet and below 120,000 f e e t ,  

S t a t i c  and dynamic force  tests have been conducted i n  t h e  Ames Uni- 
tary wind tunnels,  t h e  J e t  Propulsion Laboratory 20-inch and 21-inch 
tunnels, and t h e  Langley 20-foot free-spinning tunnel through a Mach 
number range from about 0.16 t o  7.3. 
repor t  the  r e s u l t s  of these tests. 

The purpose of t h i s  paper i s  t o  

SYMBOLS 

Data are  presented using t h e  body system of axes shown i n  f igu re  1. 
The symbols and coe f f i c i en t s  used i n  t h i s  paper are defined as follows. 

~~ ~ 

. 
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itching-moment 
(4 SD 

pitching-moment coef f ic ien t ,  

normal force  normal-force coef f ic ien t ,  (4s 
axia  1- force  

(4s axial-force coef f ic ien t ,  

dynamic pressure,  lb/sq f t  

rate of change of angle-of-attack, d/dt  

free-stream veloc i ty ,  f t / s ec  

reference dimens ion (command module diameter ) , f t  

free-stream m c h  number 

reference area D , sq f t  2 

angle-of -a t tack of model center  l i n e ,  de@; 

longi tudinal  locat ion of t h e  center-of-gravity from t h e o r e t i c a l  
command module apex 

v e r t i c a l  loca t ion  of center-of-gravity r e l a t i v e  t o  center  l i n e  

MODELS AND TEST FACILITIES 

General dimensions of t h e  Apollo Launch Escape Vehicle configuration 
The model used t e s t e d  i n  the  d i f f e ren t  f a c i l i t i e s  are given i n  f igu re  2. 

i n  t he  Ames uni ta ry  tunnels was a 0.103 sca l e  model (16.2 inch diamet3r) 
of t he  Apollo LEV configuration which i s  made of s t a i n l e s s  steel  and 
aluminum and was modified f o r  the post-abort  canard configuration. 
two models used a t  t he  Jet  PromiLsion Laboratory f a c i l i t i e s  were a 

I 

I 

I The I 



4 

0.0193-scale model (3 inch diameter) and a 0.0128-scale (2-inch diameter ). 
One was made of s t a i n l e s s  steel  and aluminum and the o the r  model w a s  made 
of wood with brass tower and wood rocket motor. The model used i n  the  
Langley 20-foot free-spinning tunnel  was made of f ibe rg la s s  with brass 
tower s t ruc tu re  and wood rocket motors and w a s  a 0.0357-scale model 
(5.5 inch diameter). Photographs of t h e  configuration t e s t e d  a r e  pre- 
sent& In  t igc re  3 .  

Test conditions for t h e  various models a r e  summarized i n  t a b l e  I. 
The Reynolds numbers given are based on model maximum diameter. 

S t a t i c  S t a b i l i t y  Tests 

The s t a t i c  s t a b i l i t y  tests were conducted i n  t h e  Ames unita-rjr wind 
tunnels a t  Mach numbers from 0.5 t o  3.4 and an angle-of-attack iaL7ge 
from -40' t o  150' and i n  t h e  Jet Propulsion Laboratory f a c i l i t i e s  a t  Mach 
numbers from 2.0 t o  7 . 3  and an angle-of-attack range of about f140'. 

Dynamic S t a b i l i t y  Tests 

The dynamic s t a b i l i t y  tests were conducted i n  the  JPL 20-irich tunnel 
a t  Mach numbers from 0.5 t o  4.5 and the t e s t s  i n  t h e  sp in  t iu l rw l  were 
conducted a t  a Mach number of about 0.16. 

The t e s t s  i n  the  J T L  20-inch tunnel were made with t h r  m c d c  I mounted 
on a transverse rod which is mounted on a yoke support i n  t h e  1,unnel and 
the  model is f r e e  t o  tumble. The t ransverse  rod passes throw11 fhe  
center-of-gravity. The model i s  r e s t r a ined  i n  t h e  apex forward pos i t ion  
and then released, Analysis of t h e  ensuing motion y i e lds  t h e  cl,yn?,rnic 
s t a b i l i t y  parameter. 

The model used i n  t h e  sp in  tunnel tests w a s  a f r e e  f l i g h t  model with 
the  weight, moments of i n e r t i a ,  and center-of-gravity location properly 
scaled. 
tunnel by adjusting t h e  speed of t h e  a i r  flow as t h e  spin tunnel i s  a 
v e r t i c a l  tunnel. 

The model w a s  hand launched i n t o  t h e  tunnel and w a s  held i n  t h e  

A l l  of t h e  dynamic s t a b i l i t y  data w a s  recorded i n  movie f i l m .  

PRESmTATION OF RESULTS 

The basic data f o r  t h e  Apollo Launch Escape Vehicle configuration 
without t he  proposed post-abort canard sur faces  are presented i n  f igu re  4 
and t h e  data f o r  t h e  configuration with t h e  post-abort canard surfaces,  
are presented i n  f igures  5 and 6. 
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The s t a t i c  s t a b i l i t y  data were run a t  &ch numbers from 0.7 t o  7.3, 
and t h e  dynamic s t a b i l i t y  da ta  ( f i g .  8 )  were run a t  Mach numbers from 
about 0.16 t o  4.5. 

DISCUSS ION 

S t a t i c  S t a b i l i t y  B t a  

The bas i c  moment da ta  f o r  t h e  Apollo LFV-canard post-abort  configu- 
r a t i o n  were obtained a t  Mach numbers from 0.5 t o  7 .3 .  
a t t a c k  investigated were from -150' t o  150'. 

The angles-of- 

The da ta  ( f ig s .  5 and 6 )  show t h a t  the configuration eliminates t h e  
apex forward t r im poin t  up t o  about M = 5.2. 
configuration has a s t a t i c  trimpoint a t  an angle-of-attack of about 12', 
and a t  Mach numbers g r e a t e r  than 5.2; t h e  configuration becomes more 
s t ab le .  It should be noted tha t  the trim Mach number and angle-of-attack 
i s  very dependent on t h e  model center-of-gravity loca t ion .  The da ta  show 
a t r end  toward an apex forward trim poin t  as e a r l y  as about &ch 3.0. 
The explanation f o r  t h e  presence of the  t r i m  poin t  has been determined 
from schl ie ren  photographs ( f ig .  7 )  t o  be due t o  a severe shock i n t e r -  
ac t ion  phenomenon ac t ing  on t h e  command module. 
comes progressively more severe with increasing Mach number due t o  t h e  
sweep back angle of t h e  rocket nose and canard shocks. 
through t h e  oblique shock of t h e  rocket and command module sec t ion ,  t h e  
t o t a l  p ressure  of t he  flow behind t h i s  shock is  not severely dropped, 
while t he  Mach number i s  reduced considerably. 
sure  behind the oblique shock i s  stagnated or  near stagnated through a 
normal shock ex i s t ing  i n  t h e  comand module a t  angles-of-attack of ' about  
15', t h e  t o t a l  pressure loss through t h i s  normal shock i s  much less due 
t o  t h e  lower Mach number flow. Therefore, t h e  command inodule w i l l  have 
pressures which a r e  very la rge ,  and pressure coe f f i c i en t s  as high as 3.5 
e x i s t .  
be expected when flow s tagnates  through a normal shock of free-stream 
condition. 
loca t ion  and cont r ibu te  a l a rge  r e s to r ing  moment, Also the p i t c h i r g -  
moment coe f f i c i en t  i s  increased by a f a c t o r  of about 1.5 t o  2.0 over 
t h e  "clean" Apollo Launch Escape Vehicle configuration. 

A t  Mach number 5.2, t h e  

The t r i m  condition be- 

When flow passes 

When t h i s  high t o t a l  pres- 

These pressure coef f ic ien t  values are two times as g rea t  as would 

A l l  of these  loads a re  appl ied  a f t  of t h e  center-of-gravity 

Dynamic S t a b i l i t y  Data 

The Apollo LET-canard post-abort configuration was t e s t e d  i n  t h e  
Langley 20-foot free-spinning tunnel and the  JPL 20-inch tunnel  a t  a 
Mach number range from about 0.16 t o  4.5, 
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A s  the only way the  dynamic data w a s  recorded i n  t h e  spin tunnel  

The model was hand launched i n t o  t h e  sp in  tunnel  and was i n  
was by movie camera and v i sua l  observation, t h e  observation is  bes t  re- 
ported. 
f r e e - f a l l  a l l  t h e  time, u n t i l  the  model was l e t  down in to  t h e  r e t r i ev ing  
net  f o r  recovery from t h e  tunnel. 
forward into the  flow and, as soon as t h e  model was released,  it. w n l ~ l r l  
tixi Si-G-GiG heat-shield t'nrwarrl. 
t he  model o s i c l l a t e d  about the center-of -gravity locat ion and a l s o  had 
a ro ta t ion  rate about t he  ax i s  of symmetry. 
estimated t o  be about *25' t o  30" and t h e  rate of ro t a t ion  i s  about 
0.05 revolutions per  second ( f u l l  s ca l e  value), 
launched without t he  canard surfaces and it trimmed out a t  about CL = 5' 
(apex forward). 

was mounted i n  a t ransverse rod with b a l l  bearings; ( t he  t ransverse rod 
passes through t h e  center-of-gravity loca t ion )  and was held i n  the apex 
forward pos i t ion  (apex pointed in to  t h e  a i r  f low)  with a braking system, 
The model was free t o  r o t a t e  360'. The configuration was released from 
several  d i f fe ren t  angles-of-attack and t h e  model motions were recorded 
by high speed movie cameras. 

The model was launched with t h e  apex 

Ir: the hcat shieid forward pos i t ion  

The angle of o s c i l l a t i o n  is  

The configuration was 

I ??le model used i n  t h e  dynamic s t a b i l i t y  tests i n  the  JTL f a c i l i t y  

The movie films were then read t o  obtain posit ion-time h i s t o r i e s  of 
t he  model motions. Values of Cm + Cm as a function of o s c i l l a t i o n  

amplitude can be obtained from ana lys is  of t h e  posit ion-time his tory.  
9 6 

For use i n  present computer programs, t h e  damping der ivat ives  must 
be expressed as a function of angle-of-attack. This i s  accomplished by 
modifying the shape of t h e  Cm + Cm versus o s c i l l a t i o n  amplitude 

cl 6 
~ 

curve. These values are then put  i n to  a s ing le  degree of freedom com- 
puter  program where a derived motion i s  obtained f o r  comparison w i t h  the  
measured pos i t  ion time h i s to r i e s .  

The dynamic tests indicated the  configuration t o  be stable i n  t h e  
heat-shield forward pos i t ion  throughout the &ch number range tes ted .  

/ A t  Mach numbers of 0.30, 0.30, and 0.70 t h e  configuration indicated a 
l i m i t  cycle of about +20°. 

I;" 
[hZY" 

CONCLUSIONS 

The r e su l t s  of s t a b i l i t y  t e s t s  of t h e  Apollo-I;Gv post-abort  configu- 
r a t ion  indicated the following conclusions. 



1. For the  data reduction center of g rav i ty  used, t he  post-abort  

A t  M = 5.2 and f o r  a l l  Mach numbers tested above M = 5 , 2 ,  
canard surfaces  e l imina ted  t h e  apex forward trim poin t  a t  a l l  Mach nun- 
bers up t o  5.2. 
the  configuration has a s t a t i c  t r i m  po in t  a t  an angle of a t t a c k  of  about 
12O. 

2.  The presence of t h i s  apex forward t r i m  po in t  i s  believed t o  be 
due t o  a severe shock in t e rac t ion  phenomenon. 

3 .  The configuration i s  dynamically s t ab le  i n  the  heat sh i e ld  for- 
ward pos i t ion  f o r  a l l  k c h  numbers tested) b 
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(a) Pitching-moment coefficient. 

Figure 4.- Aerodynamic characteristics of the Apollo Launch Escape 
Vehicle without the proposed post-abort canard surfaces at 
Mach number 0.50 to 1.30. 
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Figure 5.- Aerodynamic characteristics of the Apollo Launch Escape 
Vehicle with the proposed post-abort canard surfaces at Mach 
number 0.50 to 7-40. -- --.- - -  .- 
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